Abstract. The purpose of this study was to analyse the effect of the T-786C polymorphism and intron 4 27 bp variable number tandem repeat(VNTR) eNOS markers for their potential association with Systemic Lupus Erythematosus(SLE), Hashimotos thyroiditis(HT) and Rheumatoid arthritis(RA) as well as to explore their effect on eNOS mRNA expression and nitrate production (NOx). Kuwaitis (n = 383) matched by age, gender and ethnicity were genotyped by fluorescent-labelled-restriction fragment length polymorphism (RFLP) and fragment analysis. Expression of eNOS mRNA was analysed using RT-PCR and sera from subjects were screened for NOx using ELISA. Analysis of the allelic frequency revealed a significant association of the 4b allele with susceptibility to SLE (p = 0.0092, OR = 1.76). The 4bb genotype was found to be associated with SLE (p = 0.0076, OR = 1.97) and HT (p = 0.05, OR = 1.81). Allelic and genotypic distribution did not differ between RA patients and healthy control subjects. The 4bb genotype resulted in reduced expression of eNOS mRNA in SLE, RA and HT, but only the reduction in HT was significant (p = 0.05). The 4ab genotype revealed a significant association with increased eNOS expression in HT (p = 0.03) and RA (p = 0.014) patients, and elevated NOx levels were detected in the autoimmune disease cohorts (p < 0.05) when compared to healthy control subjects. The T-786C SNP failed to show a significant association (p > 0.05) with SLE, HT, and RA patients. This study is the first to reveal a significant association between the 4bb genotype of the 27 bp VNTR and susceptibility to HT. The expression of eNOS is related to the number of 27 bp repeats, with heterozygous 4bb repeats showing a decrease in eNOS expression. eNOS -endothelial nitric oxide synthase.
Introduction
Nitric oxide (NO) is a gaseous free radical synthesised from L-arginine by the nitric oxide synthase gene (NOS), and it is a potent regulator of the immune response that acts by triggering a cascade of signal transduction pathways that play a significant role in the inflammatory and autoimmune responses.
The role of NO in the pathogenesis of autoimmune diseases was uncovered a decade ago. Overproduction of NO could contribute to tissue injury given its capacity to increase vascular permeability, generate toxic free radicals such as peroxynitrite, and induce cytotoxicity [1, 2] . Normal endothelial function is characterized by a dynamic balance between NO and other oxidants [1] . Increased production of NO metabolites and endothelial dysfunction has been well documented in individuals with active SLE and animal models of lupus [3] [4] [5] [6] . Similarly, an increased concentration of NO have been correlated with disease severity in RA patients and is, in turn, regarded as a key mediator of apoptosis within the joints of RA patients [7] [8] [9] . Addi-tionally, increased NO levels have also been reported in hashimoto's thyroiditis (HT) patients [10] .
Markers of oxidative stress are well correlated with disease activity in both SLE and RA [11] . NOS inhibition was reported to decrease the disease activity in experimental RA [12] . One of the 3 identified isoforms of NOS, eNOS (endothelial nitric oxide synthase) is critical to vascular homeostasis and therefore participates in the pathogenesis of endothelial dysfunction [13] . The eNOS gene consists of 26 exons located on chromosome 7q36.1. It has been extensively studied in various ethnic populations for its association with several cardiovascular diseases [14] [15] [16] [17] . Numerous single nucleotide polymorphisms and variable number tandem repeats (VNTRs) have been reported in the eNOS gene, some of which may affect gene expression, protein synthesis and enzymatic activity, including T-786C, located in the promoter region, Glu298Asp, located in exon 7, and a VNTR of 27 bp in intron 4 . It has been hypothesised that the 27 bp repeat in intron 4 of eNOS gene is responsible for the plasma levels of NO and could, therefore, play a significant role in the pathogenesis of autoimmune diseases [18] . However, limited studies have been carried out to explore the role of the 27 bp repeat polymorphism in autoimmune diseases. These include lupus [18] , diabetes mellitus [19] and primary biliary cirrhosis [20] . Our previous study revealed a strong association of the 27 bp VNTR of the eNOS gene with Alopecia areata in the Kuwaiti population [21] . Complete genome scanning studies have identified several SLE susceptibility loci, including the eNOS locus [22, 23] . More recently, our research has revealed a significant haplotype association of the eNOS 27 bp VNTR, T-786C SNP and GLu298Asp polymorphism with SLE patients [24] .
In an attempt to generate further evidence, we developed a research study to investigate whether the eNOS T-786C polymorphism located in the promoter region and the 27 bp repeat of intron 4 are associated with eNOS expression at the mRNA and protein level in Kuwaiti SLE, RA and HT patients. A combined genetic and functional approach was employed to explore the correlation between the T-786C SNP, 27 bp repeat, NO production and eNOS gene expression in the three different disease groups.
Materials and methods
A total of 383 subjects were recruited for this study. The subjects were comprised of 120 SLE (female; male ratio 11:1, mean age 38.36 ± 11.68), 48 RA (female; male ratio 4:1, mean age 56.2 ± 10.67), and 67 HT patients (female; male ratio, mean age 46.2 ± 8.42) from Mubarak Al-Kabeer Hospital, as well as 148 healthy subjects. Study conduct was approved by the Kuwait University's Ethics Committee and all of the participants provided a written informed consent. SLE and RA patients who were enrolled in the study had at least four of the Systemic Lupus International Collaboration Clinics/American College of Rheumatology (SLICC/ACR) criteria for classification of the disease [25] . Demographic and clinical information's are provided in Table 1 . The diagnosis of SLE was made if four or more of the following manifestations are present, either one after the other or at the same time. These include malar rash, photosensitivity, hematological disorder [anemia, thrombocytopenia, low WBC, low platelets, immunologic disorder [low C3, low C4, antinuclear antibody, anti-dsDNA, mucosal ulcers, pulmonary, arthritis, renal disorders, serositis, vasculitis and neurological disorder. A combination of clinical, laboratory and thyroid imaging data were used to define the HT patients. Clinical and laboratory investigation such as titres anti-microsomal (anti-TPO) antibodies, anti-thyroglobulin antibodies, FT4 level and Thyroid stimulating hormone were detected.
Healthy volunteers were randomly selected from five provinces in Kuwait by conducting a thorough survey involving demographic and clinical parameters. Inclusion criteria consisted of good general health and no history of autoimmune disease within first degree relatives. Exclusion criteria included any recent history of acute or chronic debilitating illnesses. Subjects who failed to meet the above set of criteria were excluded from the study. Kuwaiti nationals are either of Arab or Persian ancestry. Only Kuwaitis with Arab ancestry were included in this study. Ethnic bias within the study population was minimised by excluding patients who were not of Arab origin. Each participant donated peripheral blood for DNA and RNA analysis and serum isolation. Patient and control sera were stored at −20
• C for up to 1 month or at −80 • C for longterm storage. DNA was isolated from peripheral nucleated blood cells using the Gentra kit (Minneapolis, USA). RNA was isolated using QIAamp RNA blood kits (QIAGEN, Germany) according to the manufacturer's instructions. cDNA was prepared from the isolated RNA using the Hi-Capacity Reverse transcription kit (Applied Biosystems, CA, USA). 
Genotyping of the T-786C SNP by restriction fragment length polymorphism
Genotypes of the T-786C polymorphism (rs20707-44) located in the 5' flanking region of eNOS were determined by PCR using the primers 5'-TGGAGAGTG-CTGGTGTACCCCA-3 (forward) and 5'-GCCTCCA-CCCCCACCCTGTC-3 (reverse), followed by restriction digestion. PCR amplification resulted in 180 bp products, which were then digested with Msp I (New England Biolabs, MA, US) at 37
• C. Msp I digestion produced 140, 90, 50 and 40 bp fragments for CT heterozygotes, 140 and 40 bp products for TT homozygotes, and 90, 50 and 40 bp products for CC homozygotes. Digestion fragments were separated by electrophoresis using a 4% agarose gel containing ethidium bromide and visualised under UV light. Genotyping results were further confirmed by randomly selecting samples to repeat.
Genotyping of the 27 bp repeat polymorphism by fragment analysis
Analysis of the 27 bp repeat polymorphism in intron 4 of the eNOS gene was carried out using the fragment analysis method. cDNA was amplified using the upstream labelled primer 5'-VIC AGGCCCTATGGTAG-TGCCTT-3' and the downstream primer 5'-TCTCTT-AGTGCTGTGG TCAC-3'. Polymerase chain reaction was carried out in a 10 µl reaction mix containing 5 pmol of each primer. The thermal amplification program consisted of an initial denaturation at 95
• C (5 min), followed by 35 cycles of 94
• C (1 min), 59
• C (1 min) and 72
• C (1 min) and a final extension at 72
• C (8 min). One microliter of the PCR amplicon was mixed with 10 µl of Hi Di formamide and 0.3 µl of genetic marker LIZ600 (Applied Biosystems, USA). The mixture was then heated at 95
• C for 3 minutes and kept on ice for 2 minutes. Fragment analysis was performed using POP4 in a 36-cm capillary of the ABI3100 genetic analyser (Applied Biosystems, USA). A band size of 420 bp indicated five repeats of the 27 bp sequence, while a 323 bp band represented four repeats, corresponding to the b and a alleles, respectively. Samples corresponding to a/a and a/b genotypes were selected at random and subjected to direct sequencing using the ABI-PRISM 3100 genetic analyser (Applied Biosystems, USA).
Real time PCR
Quantitative real-time PCR (TaqMan probe-based detection) was performed to quantify the expression of the human eNOS gene relative to human GAPDH. Primers and probes for eNOS mRNA were designed using the NCBI sequence NM_005223 (http://www. ncbi.nlm.nih.gov/hotbin-post/Entrez/); glyceral-dehyde-3-Phosphatede-hydrogenase. GAPDH was used as the endogenous control. Primers and probes were purchased from Applied Biosystems, USA, and the reaction was carried out according to the manufacturer's instructions.
Enzyme-linked immunosorbent assay (ELISA)
The Nitrate/Nitrite colorimetric assay kit (catalogue No. 780001) from Cayman Chemical was used to measure the total nitrate concentration in subjects enrolled in the study. The reaction was carried out according to the manufacturer's instructions.
Statistical analysis
Allele and genotype frequencies were calculated manually for each marker. Differences in the genotypic and the allelic frequency between patients and controls were assessed by Pearson's chi-squared tests. A P value of < 0.05 was defined as significant. Odds ratios (ORs), and confidence intervals (CIs) were calculated using online statistical programs. The distribution of the genotypes for each polymorphism was assessed for deviation from Hardy-Weinberg equilibrium using the GenePop software. Deviation from hardy Weinberg equilibrium was observed for the studied population. Hence Cochran armitage trend test was used to analyze the data and association was still found to be significant. eNOS mRNA expression and differences in serum nitrate concentration between patients and healthy subjects were analysed using Student's t-test (Graph Pad Prism).
Results
Samples from 383 subjects were chosen as cases and controls for studying the allelic and genotypic distribution for each polymorphism in the Kuwaiti population. Two selected markers from the eNOS gene, the T-786C SNP located in the eNOS promoter region and the 27 bp repeat polymorphism in intron 4, were examined in SLE, RA and HT patients.
A total of 126 subjects were genotyped for the eNOS T-786C SNP. Allele C of the eNOS T-786C SNP, which is suspected for susceptibility, was found to be less frequent (20%) in the Kuwaiti population when compared to the T allele, which dominated the population. Allelic and genotypic frequencies of the T-786C SNP in SLE, HT and RA patients failed to show any significant differences compared to healthy subjects ( Table 2 ). The TC and CC genotypes were less frequently represented in both case and control subjects.
The allelic and genotypic frequencies of the 27 bp VNTR polymorphism were detected in a total of 383 subjects (Table 3) . As expected, analysis of this marker revealed two alleles, 4a and 4b, representing the four and five repeats, respectively. The 4b allele was found to be predominant in both the case (> 78%) and control (74%) populations. Analysis of allelic frequency revealed a significant difference between SLE patients and healthy subjects only for the 4b allele (p = 0.009, OR = 1.76). The 4b allele (five repeats) confers susceptibility to SLE.
Three genotypes of the 27 bp VNTR polymorphism were detected: 4aa, 4ab and 4bb (Table 3 ). The 4bb genotype was found to be predominant in both case and control populations, followed by the 4ab genotype. The homozygous 4aa genotype was rare in all of the cohorts tested. The homozygous 4bb genotype revealed a significant association with susceptibility to SLE (p = 0.0076, OR = 1.97, CI = 1. 19-3.24) and HT (p = 0.05, OR = 1.81, CI = 0.9-3.3) when compared to healthy control subjects. The frequency of occurrence of the 4bb genotype was higher in SLE (68%) and HT patients (66%) compared to healthy subjects (51%). Similarly, the 4ab genotype revealed a significant association with protectivity to SLE (p = 0.023, OR = 0.56, CI = 0.34-0.93) and HT (p = 0.05, OR = 0.55, CI = 0.3-1.01) when compared individually with healthy control subjects. The 4ab genotype was observed in 32% of SLE and 31% of HT patients. No significant difference was observed between the allelic and genotypic distribution of RA patients and healthy controls.
We further investigated the functional involvement of the T-786C SNP and 27 bp VNTR on eNOS gene expression. A slight increase in the expression of eNOS mRNA was observed in SLE (ΔCt 8.01 ± 1.85) and RA patients (ΔCt 8.10 ± 1.19) when compared to healthy control subjects (ΔCt 8.56 ± 1.5), but the difference was not statistically significant (p > 0.05). Similarly, HT patients (ΔCt 8.53 ± 1.55) and healthy subjects gave analogous results, failing to show any significant association. When samples were stratified according to genotype, no significant association was observed between the T-786C SNP and mRNA expression in any of the tested cohorts. However, an increase in the expression of mRNA was found to be common in all of the autoimmune patients with wild type and mutant alleles.
A significant difference in eNOS expression was observed between the 4ab genotype of RA (ΔCt 7.68 ± 1.06, p = 0.0144) and HT (ΔCt 7.82 ± 1.07, p = 0.0293) patients when compared individually to healthy subjects (ΔCt 9.32 ± 0.77). Fold differences of 1.5 to 6.5 and 1.4 to 5.9 were observed in the expression of target mRNA in both RA and HT patients, respectively, relative to healthy subjects. In addition, a suggestive significance (ΔCt 8.95 ± 0.77, p = 0.0556) was observed between the 4bb genotype of HT patients and healthy controls (ΔCt 7.78 ± 1.86), where a 0.25-to 0.75-fold reduction in eNOS mRNA expression was observed. Furthermore, the differences in mRNA expression between the 4bb and 4ab genotypes were found to be statistically significant in SLE (p = 0.025) and HT patients (p = 0.0067). An increase in the expression of eNOS mRNA was observed in autoimmune patients with the 4ab genotype when compared to the 4bb genotype.
The serum concentration of nitrate in a total of 90 patients and 35 healthy subjects was evaluated. The results are expressed in micromolar (µM). The serum nitrate concentration was found to be extremely significant (p < 0.0001) in autoimmune patients from the SLE (12.12 ± 6.55), HT (12.31 ± 7.77) and RA (16.48 ± 8.13 ) cohorts when compared to healthy control subjects (5.24 ± 3.18). Average serum concentration was found to be higher in RA patients compared to SLE and HT patients. A 3-fold difference in nitrate concentration was observed between RA patients and healthy subjects irrespective of genotype. Furthermore, the influence of the 27 bp repeat on nitrate production was explored. Both the 4ab and 4bb genotypes were found to be significantly associated with nitrate production in the autoimmune cohorts tested when compared to healthy control subjects (p < 0.05). No significant difference was observed between the 4ab and 4bb genotypes of autoimmune patients.
Discussion
The allele and genotype frequencies of the T-786C SNP failed to show any significant association with any of the tested cohorts. The lack of an association between the T-786C SNP and autoimmune diseases in the present study could be due to the predominance of the T allele within the Kuwaiti population. Table 4 shows data from different population studies in Kuwait [24] , China [26, 27] , Columbia [28] and the USA [29] that also failed to find a significant association between the T-786C SNP and SLE, suggesting that it is unlikely to be a genetic susceptibility factor for SLE. Association of the T-786C SNP with HT has yet not been reported in any population study. Recently, the T-786C SNP was shown to be associated with RA in Chinese [30] and German populations [31, 32] . Conflicting results demonstrating no association between the T-786C SNP and RA have been reported in Brazilian [33] and Italian [34] populations.
Studying the association of the eNOS-27 bp VNTR marker with autoimmune diseases revealed a significant association with susceptibility to SLE (p = 0.0092) and HT (P = 0.05). Analysis of allelic frequency revealed a significant association of the 4b allele with susceptibility to SLE (p = 0.009) and the 4bb genotype to SLE (p = 0.008) and HT (p = 0.05). As shown in Table 4 , this polymorphism (4b/4bb) has been associated with SLE in Colombian populations [28] , while three other populations (USA, Korea and Greece) failed to show a significant association [18, 29, 35] . Conflicting results were reported for the Turkish population in which the 4a and 4aa alleles were shown to be associated with susceptibility to SLE [36] . A single study of the Greece population by Vazgiourakis et al. 2007 showed a significant association of the 27 bp VNTR with RA [18] . Previously, a possible relationship between the synthesis of nitric oxide by the eNOS gene and immune dysregulation in the thyroid gland was reported by Varul et al. [10] . Our study further strengthens this finding by demonstrating a statistically significant association between HT patients and the eNOS-27 bp repeat polymorphism. In general, no significant difference was observed for eNOS mRNA expression between the tested patients and healthy subjects. Our study revealed that T-786C SNP does not have an effect on the expression of the eNOS gene in the Kuwaiti population. When the influence of the 27 bp VNTR was explored parallel, it was found that the genotype of the 27 bp VNTR tends to play an influential role in eNOS expression. A significant increase in the expression of eNOS mRNA was observed in RA (p = 0.01) and HT (p = 0.03) patients with the 4ab genotype when compared to healthy control subjects. Conversely, a reduction in the expression of eNOS mRNA was observed in all autoimmune patients with the 4bb genotype compared to healthy control subjects, though it only reached a significant level in HT patients (p = 0.05). Although no significant differences in eNOS mRNA expression were observed between SLE patients and healthy subjects for each individual genotype, the differences between the 4bb and 4ab genotypes within the patient group were found to be statistically significant in SLE (p = 0.03) and HT (p = 0.007). Both SLE and HT patients with the 4bb genotype had reduced eNOS mRNA expression.
Recently, Zhang et al. have shown that the 27 bp repeats in eNOS intron 4 produce small 27 bp micro RNAs [37, 38] . This intron-based micro RNA can induce gene specific transcriptional suppression by modifying histone acetylation and DNA methylation, which may serve as an effective negative feedback regulator of eNOS expression. These data may help explain the conflicting results obtained in our study. Although a strong association was evident between the 4bb genotype and SLE at genomic level, the failure to obtain the same association at the mRNA level may be explained by increased production of the 27 bp micro RNA. A higher number of 27 bp repeats present in eNOS intron 4 will result in more micro RNA being produced and lead to reduced expression or degradation of eNOS mRNA. This, in turn, strengthens our finding that expression of the eNOS gene is related to the number of 27 bp repeats, with homozygous 4bb showing decreased eNOS mRNA expression and heterozygous 4ab showing increased expression of eNOS mRNA.
Additionally, a significant difference (p < 0.0001) was observed when NOx concentrations in individual patients were tested and compared to healthy subjects. Regardless of the 4aa/4bb genotype, elevated levels of NOx were observed in all of the autoimmune patients tested. The increased serum NOx concentration in autoimmune patients provides direct evidence of excess endogenous nitric oxide production. The production of nitric oxide by eNOS may offer a protective or antiinflammatory function [39] . One of the characteristic features of SLE is the activation of endothelial cells, which have been revealed to be the source of the excess NO production [40] . Excessive nitric oxide production may alter complement mediated clearance of apoptotic cells in SLE patients, contributing to autoimmunity. Similarly, increasing evidence indicates that nitric oxide is a key regulator of apoptosis in RA [40] . Oxidative stress was reported to be increased and more profound in RA than SLE and could well reflect disease activity [11] . Increased nitric oxide levels have also been observed in HT patients [10] . Increased production of nitric oxide may disrupt T cell activation, differentiation and effector responses; each of which may contribute to autoimmunity in HT [41] . In our study, the lack of correlation between eNOS mRNA expression and NOx detection could be due to the fact that the chemical half-life of the mRNA might not reflect its functional half-life. Additionally, eNOS is not the lone source of nitric oxide. The two other isoforms of the NOS gene, nNOS and iNOS, are also expected to produce nitric oxide at high levels. Further studies are needed to explore the role of nNOS and iNOS in autoimmunity.
Conclusion
The aim of this study was to explore the potential role of the T-786C SNP and 27 bp VNTR in eNOS mRNA expression and nitrate production in SLE, HT and RA patients from the Kuwaiti population. Analysis of the 27 bp VNTR revealed a significant association of the 4bb genotype with susceptibility to SLE and HT. Our result highlights the possible relationship between the 27 bp VNTR and eNOS mRNA expression in autoimmune patients. Regardless of the genotype, the levels of nitric oxide were elevated in all of the tested autoimmune patients, demonstrating its significance in immune dysregulation. No significant association was observed between the T-786C SNP and any of the cohorts tested. The effect of this SNP on eNOS mRNA expression was not found to be significant in the Kuwaiti population.
